WO $#23874 



atgattcaaaaacgaaagc^gacagt-tt.c:gt:tca0«!Cttgtgcttatgtgcacgctgtt~ 
att tgteagtt t gccgat tacaaaaacatcagccQTM^TGGC^CGeTGATGCAGTATT- 
Tm^TGGmmCGCCGAACGaCSGOC^GG^Tf GG&AACG ATTGC^GAATGATGCGGAA - 
C&tTTATO^TATCmMff^ TTGAG- 

AGGGACGGTCAGAaG ttftttMOKK^^ 

TGC^TTCCCGGM.CGTCa^GTAmC<^AGATGTGG TTTTGSATCATA^OQCTGGTGCT- 
GATGCAACAGAAGATGTAAeTGeCGTCGA^ 

*s ACGmeAGTGATOTAAATG GCAl^GGT&TCATTTCGM^3GAGCGOACTG<SGATGM.TCCC- 
GGAAGATCAGCCGCATCTTTA^G'rTTC@TGGGGA^.GGAA AAGCGTGC3GATTGGGAAGTAT » 
CAAGTGAAAACGGCAACTATGACTATTTAATGTATGCTGATGTTGACTACGaCCACCCT 

15 CGGTC&GACAGGCGAeGC^AAAAGAWGTTTACGGTTG CGGAGTATTGGCAG - 
A^TA&TGCCGGG&MCTC^^ 
GATGTT CCGCTTC&rrTC&AT^ 
G&GC^GTTTGCi^ 
TGAAMfCATG^^ 

GAGCGG&TTTTAAA&GCGGGTA&GGA GTACGCATACGGGCCCCAGCACGATTATATTGAC ~ 
CAGCCGGATGTG&TCGGATGGACGAGGG&AGGTGACAGCTCCGCCG CCAA- 
ATCAGGTTTGGCCGCTTTA^TCACGGACGGACCCGGCGGATGiU^GCGGATGTATGCCGG" 
25 CGTGAAAAATGCGGGC GAGACATGGTATGACATAACGGGCAACCGTTCAGATACTGTAA- 
AAATCGGATCTGACGGCTGGGGAGAGTTTCATGTAAA CG ATGGGTCGGTCTCCATTTAT - 
GTTCAGAAATAA 

ggtastaaaaaaacacctccaagctgagtgcgggtatcagcttgga ggtgegtttattt ~ 
.jo t-ttcagccgtatgacaaggc«ggca.tcagsf»gtgaGaaata<2ggtafcgct^ctgtcaca- 
ggtgaca aatccgggc tt tgcgccgt ttggcttttt cacatgt ct gat ttt tgt at aat • 
caacaggcacggagccggaatctttcgc cttggaaaaataagcggcgstcgtagccgcc - 
tccaa tatggat tgt t cat egggatcgctgcttt fcaat caeaacgt ggg a t cc 
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SEQ ID Ho, 4 

AMRNQET8 EEYQX KAWDFEFPORGMTYSDFKmMYIiPDG 

adwdbsmxse i mTmEQmmmvssmmrmYimm 

i 0 QSWDVPI^E^LQA^SQGGQYDHERLutXsTVVS RHPBKA 
VTFv f EKHDTQfGQSLESWQTWFKPXAYAF~LTK£SOYPQ 
WYGDMYaTKGTSFKEIPSLKDiflEPXLK^HKEYAYGPOH 
DYIDHPDVIGWTREGDSSAJIICSGIJ^ITDGPGGSKH^A 
GLKHAGETWYD2 TGKRStsTVK XGSDOWGB PHVtsDGS VS I Y 

SEQ ID Ho- 5 

$&attcgafcattg&aaasgat^ 
26 tfcgctccctttttactetfct ttatgcaatcgt-ttcccttaattttttg^aagGcaaaGC- 
gtcgsatgtaacatttgattaaggggg&agggcatt 

gtgct aacgtttcaccgcatcattcgaaaaggatggatgttcctgctogcgtt - 
tttgctcactgtctcgctgttctgcceaacag gacagcccgecaaggctGCCGCACCGT- 
25 TFA&COOCkCCATGATC^ TTATGG ~ 

COGCCCQCTTACSAA AGGAftC^GCCGCAGCGM^GTAGOGTACGG/iGTM'ACGACTTGTA- 
TGAGCTCGGCGAATTCmTGAAAAAGGGACeGTCC Ge&OUU^T&CG0M.CAA^AGCTC~ 
MTATCTTCAAGCCATTCA^^ GTC - 

3D GTSTTCGACC&TJUiM&^ ~ 
CCGTCGGACCGCAAeCA AGAA&TCTCGGGCACCTATCA^TCCAAGCATGSSACQA^iATT ■■ 
TGATTTTCCCGGGCGGGGCAACACGmCTCCAGGTTTA AGYOGCGCTGGTACCATTTTG - 

GG CAimGCGTGGGATYGGGAAGTi^^ ~ 
3 S GCCGACCTTGATATGGATGA TCGCGAAGTGGTGACCGAGGTGAAA^CTGGGGGAAATG ~ 

gtatgtcaa:c&C3&cgi^^ cggtcaagcatattaagt ~ 

TCA077??T??C£?G£TI^ 
GTCGGGG&AT&TTGGAGCT&TGACA^ 



SUBSTITUTE SHifHT {RULE 26) 



WO §«3S?4 



GGGGCGCATTT©ATATGCGCACGTTAATGAeCMmCTC TCATGAJyiGATCAAC ~ 
CG A G ATTG G C CGT CACCTTCGTTO AT JI.ATCAI'GA CACCO AAC CCGQC C A A G CG C ~ 
TGCAGTGATGG GTCO&CCC&TGGT^^ - 
s CACXMGa^mCCCGTGCGTCTTrmTQSf CTATTATGGCATTCCACmTATAACAT - 
m?nTGGTGAiy^GCAm&rC0A^ C7TACG- 
GMCGOUlCAfSATm^^ 

CTG^AM&CCAGGA TCCOGACTGGCCGCACT^^ 

TGGATGTACOTG<3CAA&CA^^ GTTCrATGACCnm.CCGGCA^CGG - 

10 GAGTGACACCGTCACGATCA&C&GTGAT^ GtT~ 
CGGTTTGGGTTOOGTTCCTAGAA 

CCCGACCGTGGACTGGT GAATTOGTCCGTTGG&CCGA&CC&CGGT^^ 
fcsjcctgcgs 

SSQ ID No. S 

MFPHG^QYFHWTLFDPGT^TKYAHEmmSSLGim 

2 S LWLFPAYKGTSRSDVGYGVlTLYSIXHiFHOKGTVRTKTGT 

K^QYLQAIQA\KAAGHQv^ADWFDHKGGAK5TSWDAVE 
V^SDRNQEISGTy020AWKFDPKm<S^SSFK«RWYH 
?DGmMDESmh3RlYKFmiGimfD¥EmiTEmWWYTJ^ 
yABLDMDHPEWrEL^^^ 
2S FSFFPD1«lljSYWS0^GKJ s liFrVGEYWSYDXNKX.iHMYlTKT 
DGTMStFISAPI^IKFlTASKSGGAFD^TLI^HTLHKDQP 
TIAVWVI>^DTEP{^ALQSW y v ! I3PWFKFLAYAFILTRQEG 
YPCVFYGDYYGI PQYT-? I FSLKSK I DPLL I ARRDYAYGTQH 
DYLDHSDIIGWTREGGTEKFGSGIAALITPGPGGSK^YV 

3 0 GKQE»GKVFYDLTG^SDT , ^INSDGWGEFiCVHGGS¥SW 

WR3CTWST2AR S» 2 TTRPWTGEFVR^EPRL¥AW 

35 1 ATPADWRSQS I YFI^LTDRFA STDGSTTATG 
31 NT&DQRYCGG WQGIIDKLD YXQGMGPTA2 
61 WITPvTAQLP QTTAYGDAYH GYWQSSIYSE 
SI NSNYGTADSI; KALSSALHSR OMYIJf^WA 
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NHHGYDGAGS 




F1QNYBDQTQ 






211 






VQfCSPWPGYH 


5 241 


PYQHWiSGVL 


271 




301 








3S1 


LXASAMAIRH 


10 351 


DITIAMRKGT 


421 


L8LSGAGYT& 


451 


VPVPM&GGLF 



88 

SVDYSVFKPF SSQI3YPBPPC 

\mDcmjmwT vslpdldttk. 

XAAGVYCIGE VLDGDPAYTC 
HYPIYYPLLN AFKSTSGSMD 

AKBVAAFXXL NDGXPXXYAG 
:MRBATWLS GYPTDSELYK 
YAISKDTOEV TYMflKPIYKD 
DGSQIVTIiiS NKSASGDSYT 
GQQLTEVIGC TTVTVSSSQf 
RVLYPTEKLA QSKICSSS 
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W0 Mftffl?4 



SS 

4i << -o »?• s& sss %<: jo *g v> <. **s *#s$^*&^<<>>8*.«:ssa*fc*sf**Ni$ <s o *&• vO ^ vc «a ^ >q ^ y$ o v> 



&■ *tfs fsj w ^ & ^vi^^ 4f ^ xr 4.^ ^ O £5 <f> 5$ *j <st s& ? 

5» K- c< ss> ■ «* ssj x> **■ «~ is «j <~ <»v « <« <~ «?• ~ss « « «• ->• o o •»- w> «a ~? m tn s»* as> s>. \j ; 



o «> >> - 

• s?T «^ »J «i ss «k * hZ sj «s ! s« »s By o* *s ** «> $2 * J 

«. »»«»»»««««»«»«>«» » 0!S08«S99» « ^ 0»»»S» «S><S»«*<»< 



& ^ ^ v$ <3 ^ & <S <3 




fUJ pv. &*t <*w «3 & i*^ ■ -tft w* «S '■•«* ^ vi* V* ^ 



jsa j<v S3 ^j- ^ \>n Nfif «S ffV «^ k« >^ si w v ^ O ^ * ^ ^* ® ^ ^ ^ ^ ^ ^ y * S r ^ ^ ^ ^ w N w <3 O V> n3 ^ ^y- ■>* 

JSJ'M 0^ «S ^> ^ «5 ^ ♦* sfe ^<Sf0^s^^*^< v *«»»**-^^«^ , w^ ^ ^ ^ ^* ^ '.sf ■** ^ O ^ 

i ■* a ■» . * < * * x ' n * > * « < * > ' n - *' > :, A . ■* - * * v-* ' ^ > * j[ * * * " J * * * ^* A * i; * * * . ^ 



■cN* ig*, *^ SSJ 3^ p^s J*<- &- sj$ 



§ $! £ » S S £ £J S « « 1 

JTV (S3 >iy 5» *^ *V >^ 



^ ffit pf> ?V ^ ^ tft »N 



x <> >^ ^ ^ vr <^ ^ N-X' 



«V!V '>df "Cv^ 3,^^ '^"^ 5^ ^» -^SS r| v^ 5**^^ ^■•iJ ^ 



<sa ?«s «es «s «> «s «o «& >> ^ ^ <n ■&> (3n ^ ^ «n *sv «s *sj sa <s fi> & «&■ ^ *^ ^ ^ ^ *~ ^ *w.*v-#>*:*^.*^#*'*sj ^ 

w w w ™ -\ t% ' v v v x <W v ^wi ^ **• <*c -w* «y ^ v*.- VW «w »« «M fr** W**' *f* 



■«£ « < «ft ^ * o« y< . x 



; ^ ^ ^ <t * « v( *s ^ ^ ^ "SS >sr << >s v-^ -x ■« y< ^ >rf: ^ 

jW JSK W 'SU «K M M tK flt 1tt ttl t»:W ^ W WW W (M.S $ SS » ^ 

w ■*« ^ jit* y*. ^ ft, <t ^ ^ ^ is> ft, Su Wi W <tf S> <^ «J W» 



«* tv jy 



V^- f\( M> 



w> w^ ^ ^0 ^ ^© yO iQ ^ Hi yv- fv» ^> 



S a SI 3 3 «> »■ ft * * ^ % * 4 <S. «. «, « SS SS- « SS SS K X 5S 

i»( iV>V'**« w Www »*■ rv 

: «; « SO O «S sss es t« fv fvi 35 «; SB ti> «5 MJ ii l« fvi 



«> «> O f« >»>■•* >f ><> 5~ «0 «J ! 

,>v (C; »5 stj ss sss «s ssi so ; 



;«*<«i«<*4**<«i« , < < < : ** * *< « <« « «; < * •* * «■ ■« ■« « <« * « « 



«' s« < «t «S «( < •« tit < < 



>SS «<3 SB Jv. -<S (V. x0 <<! >0 m ■«! «» « -ffl S» ^3 <» ■* «> ^ ** "* "** "* **" * ■ ■* "* ** ■* 



S8.888S38SSS3iS8SS8SS8SS8S8$S$ 8S888SS8888SSS88 88SS8i 



fiw> .-.■-> J(HW .fM ^isn wv iyv jy*, ywt -^uv fhV fH vw yw <v\- w W yw V<- *W •)» V" "W ♦"^ "I* *T *"? 

-Kl *T* fftji f>* W> N^^xft^'^^jNfSJS^* *f>'.#^' ^ ^ 

>/s <* vl ^ W ^ ^ -<vfv «(J ^> f*** w*> '•' rfw w 35 2? ^ ^ "'5' S 2^ ^ 5^ ^ 

fyf ?v js^j «i ^ rsj *4 w j*^ ^ «•> *v *^ <a « w vy ^ *p •£* *^ **; ^ SSxS ^ ^™ 2£ ?S 



Nfif W O vOv fov W iS> V? <™ 

^ w^ ^^ e^lftiNf «~ <^ <>> 

*~ tffvrs* v« sjv xct s& s?> ^ ^ ^ ^ 
*. w> n\ vr j^v vf 



v« v>' <y S2f C5 /PNS 




■ *,v .y^ f^' f\j 



^ *i ^ ^ « ^£ < « « ^ * < < * ^ * < < < V < < 

" ^ "i ^ *5 ^5 5? 5? 5S'>?- 3w - ^ Si w * * a ^ ui !« w <2j- w S vv: ;w v-< cv< si; «^ ^ S -« w: wt ^ jf^'N* 

§ S S > S > > ^ S < < S S S £ e : ^ o ^ £ £ . £ ^ ^ - - ^ - ^ ii^S^^SfKsescx^s^w U ^ ^ <s ^ sjj i« # >- - 



■ :3C W W V 

^ «■> s> yft -<S ?y- «5 <5 ^ :V »> :v"< O «5 t> ^ X", ^- ij£ 



. . .. 

< 4« as o <3 < «e ^ „ << ® « »*• * wj 

wo x «vJ p.saf-.-w a -w w o*' 1 ' 



• <w w w w <v.< C? v> 



• k>-\> O St: v u: w v o 3: o w 



. ■<? KSf & o *v- ^ ^ «vf <SJ ^ .-^ w 

^ ^-C? S\s r\} *v «i f\ Jv ^ fH n*» !** **» ^ «■> ^> f^t w> r-> vr vr *y -*r n* *r ^ ^ y> wvv-- 



,X; 

<< -94' >K « < ^>fi 



£ $ * $ ^ ^ $! ^ ^ ^^•^•^•^•.^^ S § 

^ i: x: x: ^ - . « -.c x ix x^ ix X x; £ x: .*« * 



< v?. 



v( v s < a£ ii£ ^ * **s •** *E « ><< *f **f. xft *C < < y«f j<S 
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m^-O -O n£5 n© *0 ^1 »&*8 fcw^C* ns? nG? *v«a «$ f^>es •<§ x* v3 a, y& «$ N ^ <! x> j» a~ y& i-a s§ ^ «jk >*> 

xao w ?v aassf ^ svwity ssj ■<<> ■j**- €ffc ^ 

xF O A«. f >- tf> A* >A -Nf !A jPw yYA* a\* n5 yv* v£ <*> N<> x** ft* SfiJ w> 4 

^' ^ ^ xX a^ a>^V ^ a- a- ^«ov*'o^ 



<■ s*» «<y -J**4** W X*-* w< y?* •f* w fl** JP» * 



/ **< "J**" nV* <■■** -y*v. w-y i 



>y$ Ai >a >v< «i sa &■ w «a o i*** * a* m As x* •rf- 
A* f^t. Q 6, <S<[ ^ ■ *A ^ ^ ^ ^ JjA 



A^ O *# X? 4"X tSf tVt *(ft$Al>»* *»" A> 

■ o --,r A- * '■ 



as *~ fi^ «j *a ^ •> o o m\ ^ <ar 

A-» x> vCj -v. l-v *\s a; x> o -Ni 

O «*> *N- *A vtf x> Wf £A S5 t> tA ^ to A« £» SP 

, < * X A X t » % X +■*■■#* A % V J.- - *. - * * f < <: > * * > * *. •>■ < > < < ■+'■ ' * X * t, ■ ■ .1. V ■ T . >■ X ✓ / X X 

A Ai ?V AJ /Srf f>^ J^J^ A* <<\t A* W ftJ A» >^ i<« fsj: !V A* J\» »r\i fV A* Ai TO A( A* J\j S« AJ A> A> >V >>t «* t>s> >V **** A* A*-f« «* 



... „ NO «^ <£S %A 5^ ;Sfr vT 

A* ii"* "0** nJS ->s^ $3? 1^ w\ At 4?* 



sdS *ft »4$ W*: i« Nfc 4rf\ ^ ^ M ^ ~* fi> v« jwt *^ PVk ^ CSm^ <X vA 

" *" - J ' x** ^ ^ \^ nJ" wjf j# »^ \& v% j^y \y >y -sp -^f 



«f> ^ ^ >6 -vsr vr ^ ^ ^ ^ *{>*o»*w iw « «ft 

sjr'-** ^S- -sSF *J- "v? ^ yjt ^ xJ'vyw'mVvVvf! ^ 

*A S» «SS «WSfl 
v< V- :x-v O «v x«,- fsj. Of p^s «j i,Yt (S ; , , 

^&&&4& O dt^«^^^^^Al^^V*^>rt>%^«»««^^^pn^t iA-^S Sj>s <1 x* *A y# a)>v <^ «^ :v C< *W 

!«(*>!M Aj A* Ai A> $<t >^ Ai W tA Ai ,*A iM Al Ai *V A* Ai A* Ai A* >\t ^* Ai tti (SJfflMWWW AJ A) Aj Ai f« r>j A: Ad AJ W«< Ai A' AS *V 



K •** ^ >Sft <i* ^S" -\F "SSf W 

> »w V\ Fx- !S; >V,- 4 l : O^W'i0 i *^ 

ij^irsv^-sfiN/*;^^ <s o ass <3* 



> O O * 



, *v !?« Ai A* A} Ai W Af Af "%t A; >c-> (v\ pf( t&t w »A »*> xF vj- x? x* x? x? 



< ^ < *C -«e «c < < *<5 >o< <t >s * «C < « *K < < ^ * « « .>« ^ 



■ «v a* ft ■** '«* 

Si: « (5 3S U U W iJ O ( 



«: s< Ac tot <K «i pe i»C fi^ A; %w y« w >^ ^ tjy tw t« *j( W 
O 5* W <*> Q SS i.J 5R as W OJ»UWWWW< 



$K » 3ft: %$: 

«t Z$ 53 4s tS £is 



» w xT 



xrf v* vxfk ^\ >nj w 1 - vo Js* V* sy- w s^-» «\ v -v- ~> -v- — -v -m- w w w xi* w vsi V « *■» w 

i« si fv «s 6« fa <\i m -<r ffi ^a ^ ss o> «a »r «j « ^ & S & S SSTS? K* ^ 5? c8 & S ^ S to" 2f 'S "3 ^ iS ^ S Sfr 1:3 " 
xsa -O -SS <S * <^ *>«. fv. ^» ^ !^ l~. (s^ ^ s» «s (Si i«> «? «s «s as «• »■ is- &■ o. »• o» o» <?■ o <x< 0.: j;> s> o o » o O »»♦"«» 

y»v <^ v~ <~ ,w >— >~ v~ v~ s« *v fl» pv-fyft{«{{^ ^ »\t <\i ^ ^-\C WJ f*»i JV 

S8gS«8SS8 8SS«85gS5«gS5558«8S5|5|SgS5§ggS85SI5S5|5S5SSS8 

< <:< < < < ^ 4« >< « ■*< < ^ ^< ^ * < ^ *t ■8«xK<<«*«<<<^#«:<>f? i < **••>« ^ *« < « 



i®^^Ar^©Nle<0>O;^«^^x:^^>^>*>«« *s "A •<» ^5 «? ^ *o m A- ^ >s *s 



W W >^ 0< ^ Ai w ^ N>v W ^ ^ ^ ^ ^ 5^ S« *A vj? <V 

*^ fl*> MS vr V> >53 <& s# x« sfe W «£t iA. A> *~ ^ <3 »1 O » v^'^ ^ « K ^ ffl 1W « * ^Cftl^ W ft* SJ (V ^ ^ >^ ^ ^ ^ 

«4 ^ »^ sjp y* *•* rf«U*^ ^^O^^fy^^^^O© «l O » ^ 1A t> >x ©iSsOi O ^5 «3 A, S» W 

«w s ws w ^s- y*s ^w^v^Vwyw^^Wvw-y^^W^^^v^^ >w #*■ jx^ <\f *V "A 



t Vl»- yw <tV jyv .v* W v*-<> xW -flW ■> 



^ < 



■' ^ V 1 ^ xi' *0 

s vs #>* im xr o 



K x* s£ t 
vQ FV' W > 
^ > 



■-<p As <Ki < 
?SS J 
S3 SK5 



■ V> A* 
; otj fA 



vC x> O >A ISA 

<X *Q x> :x»-x» 

AA yJf «S OS » *xi 



?o >A m 

*SJ O fr> x« yr 0* 
>A «1 i> >^ vT 



x> ffj X?N *tv ^ 
v> SJ «5 x* O 

<w w «y a* m 



Wtt A- J«#^-A* ***** 0^*W^Vt^*>#^^^»W^W>f ^W^^*^<V 

Ai Ai Ai Ai A* ?V A>' A* At A: Ai A* A* «* A* AS A> #W*M A* Ai Af M-WWWWW'ft* Ai 'V <y Ai 



' Aj. fift> >>. Vflf -»* $<r 

J if* PVaSf 

j, Ay >v x» xy <v **^ 



A* Aj t 
x*- i>-» «J <3 < 

^J- JX». A* < 
>£ *S «*t ?A .««> J*S >V* 



Ay 9ft *» A^ Vft JW ^ •« y^ «5 As As Ai Af *^ *A «i W( WT; x* Ctl^N^^Pv iA 
« ^ «k y> v» w> ^ >^ xF * w «i ^ W W *N! >A x* f** «C AS ?A yv Sx, p^t K Qt> y>; <> 

(V ^ a* A> «> xS ■*> *~ys <^ Ap sjs v3 xrt ^^ «^ n*# ^^<a* *a *a **o> s> a- 

*4 «5 «* *& t> « £5 «5 iA <S *™ O S> O <3 O i> fip AS A* «^ A^ A- xrt s* .W y*** Aj ; ^ 
v# ^ xf x? yyy xf xi* sA yAxf >A JA y* -V> «A JA yjf- yxj> xf «"J «T> JA *A yy? xp V* ^ 'A* v>> <■# x* 

s> *w fw. <X *™ s<{ v". 
At <x> iA vi ^ A- sv" ^ 
v»' yJT O- vc- vf v5 l^v- V" «3 



t i£ «S>/ « ^' AS y> y» ve- v> Px- SA «ii Av O <^ W ^ Ai -£A vSS A- ^> xi 

A * N w <y> fV 3> i> «5? ^ tf 1 M ^ wS "3 ^ ^ ^ ^ Ai A* s **•■ •£? vAj 
■>* X* >F >y? ><•> .v> y^t f-^. fA ?A ^ *A A> ^ ^ *A f> r v 



^yv wv vw -yv .v* A*' N*>, yxv *k> s" ' 9- v ' V- 1 - ^ x ■ ~ 



^ ^ o<, «T -aS >R" 4t yx' jfl£ x< «- l mS---xK < < << ^ < < <<. «tf < << »R "x 



■off. * yjf < < « « 4£ 4« y* y< < « 

o: sstf K « sk w w w * o o o o x5 o o ; » ftS'St t 2 2 S w v S S ? « S .2 S S : 



4w XV* ;«>» «™ »o* >y- 



y«* ■!>» At «■"" A> 

.»X j*- sk «f >» £5 /X St < S5 iv ffl <C. „ < © iJ lv W 

R * » ^. . . .« - ^ □ ^ gasuO x wusoucauyc as w t> ^ u c k w j£> .» w w cs u » v 



<t ¥S> <5 c £5 



^y »J •> O v« A< *^ -x* A- O A, 1 <v; xf 

w - w ^ ^ w *" A' A^ A.; <"'i Av f 

w-.jv>- *y» v>- v' »,v -v* ■ *y »*? V* **c--.-jt*. i 



j£ % % gr s- x s 5? $ « $ * f J; £ * J * 2 2 2 

v- ™ — • y >"-" "* " > " *** "C ^ ^T '^ ^'^.'^"2. .x-f yu- -oc « jtf: .w; «f 



T.' i X ^" X' X- -A A 5.- ?™ >> * % x" ^ T- ^* S.' : v y- 

O ■'- y' - v -' ^" ~ ^ ^ : v * - y- . y-. 

■*»_. ^: »X! 'A" *** ""^ ^ ' ^ ^ ^ * *t ^ ^ ^ -x "* : 



<t «J <S ^ *E A << A 



SU8STIT0TS SHIET (RUl£ 26} 



p€tmmmm$7 



«3 jw ^5 ^3 "O s& SS3 <<- $5 sv x® ^ ^ <<> ■-© x$ f"* xa *>$ xgc «<a ^ ^ *^ ^ ^ '>*■"* **5 ^ fl§ **v •<> si x^ >*5 ->k x«st •x> •<> 




*w sss «^ «5 <S **v 

V* ^ <5 V« fw vT 

Jxv </> J**t i& >Sf 



Otf P« t\j w <S> Jx*. o 



> W «? >V i\4 
w S3 -i£J (*•.' 
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1. A method of constructing a variant of a parent Termamyl-like 
ar-aroyiase, which variant has ^-amylase activity and at least 

s one altered property as compared to said parent a-ajayXase, 
which method comprises 

15 analysing the structure of the parent Termamy 1 - 1 ike or- 
amylase to identify at least one amino acid residue or at least 
io one structural part of the Terma«*yl~like ar» amylase structure., 
which amino acid residue or structural part is believed to be 
of relevance for altering said property of the parent Termamyl- 
like a -amylase tea evaluated on the .basis of structural or 
functional considerations) , 

is 

%i) constructing a Termamyl-like ^amylase variant, which as 
compared to the parent Tertaamyl-like a~amylase, has been 
modified in the .amino acid residue or structural part 
identified in i) so as to alter said property, and 

lii) testing the resulting TermamyX--Xike a~ amylase variant for 
said property, 

2. The method according to claim 1, wherein the property to be 
25 altered is selected from the group consisting of substrate 

specificity,- substrate binding,, substrate cleavage pattern, 
temperature stability, pK dependent activity, pH dependent 
stability {especially increased stability at low {e.g. pH<6) or 
high {e.g. pK>9) pH values) f stability towards oxidation, Ca**~ 
so dependency and specific activity, 

3. The method according to claim I or 2, wherein tne property 
to be altered is the calcium ion dependency and the structural 
oart to be modified is selected from the group consisting of 

3S the c domain, the interface between the A and B domain, tne 
interface between the A and C domain, or the interaction to a 
calcium binding site of the Termamyl-iike -amylase. 
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4 . The method according to claim 1 or 2 < wherein the property 
to be altered is th& substrate cleavage pattern and the 
structural part to foe modified is located within lOA from an 
amino acid residue of the sufcsfcr* : fc« faixiding site. 

s 

5, A method of eonstructiagr a variant of & parent Termamyl - like 
a-amyl&se, which variant has «-«#U*« activity and one or more 
altered properties as compared to said parent o-amylase, which 
method comprises 

10 i) comparing the three -dimensional structure of the Termamyl- 
like or~atnyla.se with the structure of a Bon-Tensaasyl - 1 ike a~ 
amylase , 

ii) identifying a part of the Terra&asyl-like ^-amylase structure 
which is different from the non-Termamyl- like e-amylase 
as structure and which from structural or functional 
considerations is contemplated to be responsible for 
differences in one or more properties of the Termamyl- I ike and 
non-5ermamyl~Xike «~ amylase, and 

ill) modifying the part of the Termamyl -like a- amylase 
identified in ii) whereby a Termamyl -like a -amylase variant is 
obtained, one or mors properties of which differ from the 
parent Te rm&my X - 1 i ke «- amylase. 

$, The method according to claim $ ( wherein., in step iii) , the 
as part of the Termamyl -like e'-amyiase is modified so as to 
ressemble the corresponding part of the non- Termamyl- like m~ 
amylase - 

? . The method according to claim S or &< wherein, in. step iii) , 
30 the modification is accomplished by deleting one or more amino 
acid residues of the part of the Termamyl -like #~ amylase to be 
modified; by replacing one or more amino acid residues of the 
part of the Termamyl - like «>• amylase to be modif ied with the 
amino acid residues occupying corresponding positions in the 
35 rx>n-Termamyi~like e-amylase? or by insertion of one or more 
amino acid residues present In the non- Termamyl -like ^-amylase 
into a corresponding position in the Termamyl --like or-amylase. 
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8> The method according to assy of claims S~? f wherein the non- 
Termamyl-iike ©»amylaae structure is the structure of a fungal 
a- amylase or a ma?s?saliar 5 ©-amylase. 

s 9, The method according to claim 8, wherein, the non~Termat«y3.~ 
like ©-amylase is the Aspergillus oryza& T&KA at -amylase, the A. 
Mgrer acid ©-amyles®, the Bacillus subtilis at -amylase or the 
pig pancreatic c- amylase. 

jo 10, The method according to any of claims l-$ f wherein the 
parent Termamyl-like ©-amylase is derived from a strain of 
BMciilUB < 

11, The method according to claim 10, wherein the parent ©~ 
is amylase is derived from a strain of a B. J i eh en i forma s, S, &zay~ 
laliqxxe£&cienss,< B. st0Aroth&rmophilus or a strain from an 
alkalophilic B&cillus ap. such as &CXB 12289, HCXB 12512 or 
NCIS 12513. 

36 12 . The method according; to any of claims 1-11, wherein the 
parent a -amylase is a hybrid ©-amylase comprising a combination 
of partial amino acid sequences derived from at least two 
©-amylases, of which one is a Termamyl-iike ©-amylase and the 
other (s) are, e,g*, from a microbial and/or a mammalian a- 

25 amylase . 

13, The method according to any of claims 5-12, wherein the 
part of the parent Termamyl-like o- amylase to be modified and 
identified in step ii) is loop 1, loop 2, loop 3 and/or loop 8 
30 of the parent a*-- amylase , 

13. A method of constructing a variant of a parent Termamyi- 
llke ©-amylase, which has a decreased calcium ion dependency as 
compared to said parent, which method comprises; 

3 a 

i| identifying an amino acid residue within ICA from a Ca s * 
binding sits of a. Termamyl-like ©-amylase in a model of the 
three -dimensional structure of said ©-amylase, which rrom 
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structural or functional considerations is believed to be 
responsible for a non-optimal calcium ion interaction, 

ii) constructing a variant in which gaitS amino acid residue is 
replaced with another amino acid residue which from -structural 

s or functional considerations is believed to be important for 
establishing a higher Ca** binding affinity, and 

iii) tasting the Ca** dependency of the resulting Termamyl-like 
a - amylase vari ant . 

14 > A method of constructing a variant of a parent Termamyl" 
like Oi- amylase which variant has #~ amylase activity and an 
altered pH dependent activity, which method comprises 

15 in a three-dimensional structure of the Termamyl-Xike of- 
amyiase in question, identifying an amino acid residue within 
ISA from an active, site residue, in particular XGA from an 
active site residue,- which amino acid residue is contemplated 
to be involved in electrostatic or hydrophobic interactions 
with an active site residue, 

ii) replacing, in the structure, said amino acid residue with 
an; amino acid residue which changes the electrostatic and/or 
hydrophobic surroundings of an active site residue and 
evaluating the accomodation of the amino acid residue in the 
structure , 

iii) optionally repeating step i) and/or ii) until an amino 
acid replacement has been identified which is accomodated into 
the structure, 

ivj constructing a Termamyl-like sK-.asiylase variant resulting 
from steps i) .. ii.) and optionally iii) and testing the pH 
dependent activity of said variant, 

IS . A method of increasing the thermostability and/or altering 
the temperature optimum of a parent Termamyl-like a- amylase, 
which method comprises 
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1} identifying an internal hole or a ere vica of the parent 
Tarmaiayl - like a- -amylase in the three -dimensional structure of 
said «- amylase, 

11 J replacing, is the structure, one or mora amino acid 
s residues in the neighbourhood of the hole or crevice identified 
in 13 with another amino acid residue which from structural or 
functional considerations is believed to increase the 
hydrophobic -interaction and to fill out or reduce the sise of 
the hols or crevice, 
10 iii) constructing a TertRamyl-like a-^ amylase variant, resulting 
from step ii} and testing the thermos tab! lity and/or 
temperature optimum of the variant. 

IS . A method of constructing a variant of a Termamyi-like &~ 
i$ amylase which has a reduced ability to cleave a substrate close 
to the branching point, which method comprises 

i) identifying the substrate binding area of the parent 
Termamyl-iike ©-amylase in a model of the three "dimensional 

20 structure of said »~ amylase, 

ii) replacing, in the model, one or more amino acid residues of 
the substrate binding area of the cleft identified in i) , which 
is/are believed to he responsible for the cleavage pattern of 

25 the parent a-amyiase, with another amino acid residue which 
from structural considerations is believed to result in an 
altered substrate cleavage pattern, or deleting one or more 
amino acid residues of the substrate binding area contemplated 
to introduce favourable interactions to the substrata or adding 

30 one or more amino acid residues to the substrate binding area 
contemplated to introduce favourable interactions to the 
substrate, and 

iii) constructing a Termamyi-like ^-amylase variant resulting 
from step ii} and testing the substrate cleavage pattern of the 

•35 variant . 

17. The method according to any of the praceeding claims, in 
which the ^-amylase variant is obtained by cultivating a 
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pxcroorgasism ceiprislng a Stt sgquesc« encoding the variant 
under conditions which are conducive for producing the variant, 
and optionally subsequently recovering the variant from the 
resulting culture broth,, 

s 

18. A variant of & parent termatnyl - like «- amylase, in which 
variant at least one amino acid residue of the parent a~ 
amylase, which is/are present in a fragment corresponding to 
the amino acid fragment 44-5? of the amino acid sequence of SEQ 

i« ID Ho, 4, has been deleted or replaced with one or more amino 
acid residues which is/are present in a fragment corresponding 
to the amino acid fragment 6$~B4 of the amino acid sequence 
shown in SEQ id Ho. io, or in which one or more additional 
&mxno acid residues has been added using the relevant part of 

is SEQ ID Ho. 10 or a corresponding part of another Fungamyl-like 
of- amy las© as a template, 

is, & variant of a parent Termamyl-like « -amylase, which 
variant has a region which, when the amino acid sequence of 

so variant is aligned most closely with the amino acid sequence of 
the said parent a -amylase, occupies the sams position as the 
portion from residue X to residue t of SEQ ID No 4, the said 
region having at. least 80% sequence homology with the part of 
SEQ ll> No io extending from residue Z to residue v of SEQ ID No 

as 10, wherein 

X is the amino acid residue occupying position 44, 45, 46, 47 
or 48 of SEQ IP No, 4, 

Y is the amino acid residue occupying position 51, 52, S3, 54, 
55, SS or 57 of SEQ ID Ho, 4, 

30 Z is the amino acid residua occupying position 66, €7, 68, S9 
or 70 of SEQ ID Mo. 10, and 

V is the amino acid residue occupying position 78, 73, SC.. 81, 
82, 83 or 84 of SEQ ID No.. 10. 

3s 20, The variant according to claim is or is, wherein X is the 
amino acid residue occupying position 48 and Y the amino acid 
residue occupying position 51 of SEQ ID m 4 and Z is the amino 



PCT/SKS6/808S 1 ? 



14 0 

acid residue occupying posit ion 70 and V the amino acid residue 
occupying position 78 in SIS- 10 Mo 10 , 

21- A variant of a parent Tarmamyl-like a -amylase, in which 
s variant at least one of the amino moid residues of the parent 
^-amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment XSS-202 of the amino 
acid sequence of SEQ ID Mo, 4, has been deleted or replaced 
with one or more of the amino acid residues which is/are 

io present in an amino acid fragment corresponding to the amino 
acid fragment 165-177 of the amino acid sequence shown in SEQ 
10 No. 10, or in which one or more additional amino acid 
residues has been added using the relevant part of SEQ ID No. 
10 or a corresponding part Of another Pungamyi- like e?~ amylase 

is as a template , 

22, A variant of a parent Termamyi-like ^-amylase, which 
variant has a region which , when the amino acid sequence o£ 
variant is aligned most closely with the amino acid sequence of 

as the said parent a~amyla.se, occupies the same position as the 
portion from residue .X to residue Y of SEQ ID Ho 4, the said 
region having at least 80%, such as §0% sequence homology with 
the part of SEQ ID Mo 10 extending from residue Z to residue V 
of SEQ ID Ho 10, wherein 

2S X is the amino acid occupying position 19$ or 196 of SEQ ID Mo, 
4, 

Y is the amino acid residue occupying position l§8, %0S, 200, 
201, or 202 of SEQ ID So. 4, 

30 

2 is the amino acid residue .occupying position 165 or 186 ot 
SSQ ID Mo. 10, and 

•V is the amino acid residue occupying position 173, 174, 17S, 
3S 176 or 177 of SEQ ID MO. 10. 

22, in which the attinc 
which corresponds; to 
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23, The variant according to claim 21 or 
acid fragment o*' the parent c?~amylase, 



amino acid residues 196-106 of SEQ ID Ho. 4 f has been replaced 
with the amino acid Mgtneat c&xxespozx&ing to amino acid, 
residues XSS-X73 of tie amino acid sequence shown In SEQ ID Ho. 
10 , 

s 

24. A variant of a parent Termamyl-like «~amylase, in which 
variant at least one of the amino acid residues of the parent 
a-aiayxase* which is/are present in a fragment corresponding to 
the amino acid fragment of the amino acid sequence of 

10 $o, 4, has/have been deleted or replaced with one or 

Mom of the amino acid residues, which is /are present in an 
amino acid fragment corresponding to the amino acid f ragment 
98-2X0 of the amino acid sequence shown in SEQ ID Mo, 10, or in 
which one or more additional amino acid residues has been added 

is using the relevant part of SEQ ID m< 10 or a corresponding 
part of another Pungamyl ~ I ike «~ amylase as a template, 

25. a variant of a parent Termamyl-like &- amylase., which 
variant has a region which., when the amino acid sequence of 

20 variant is aligned most closely with the amino acid sequence of 
the said parent a~arayXase, occupies the same position as the 
portion from residue X to residue Y of SEQ ID No 4, the said 
region having at least 8u%, such as at least 38% sequence 
homology with the part of SEQ ID Mo 10 extending from residue 

25 2 to residua y of SEQ ID No 10 , wherein 

3£ is the amino acid occupying position 117.. 118, us, 12Q or 
121 of SEQ ID No . 4, 

30 Y is the amino acid occupying position XS1, 182, 183 „ 164 or 
1SS of SEQ ID No. 4, 

2 is the amino acid occupying position 98, S3, 100 f 101, XC2 of 
SEQ ID Ho, 10, and 

V is the amino acid occupying position 206, 20? , 308, 20$ or 
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2£. The variant according to claim 14 or 25, in which an amino 
acid fragment o£ the parent uf~amyls.se, which corresponds to 
aadno acid residues 121~1§1 of SEQ IB No. 4t, has been replaced 
with the amino acid fragmerht corresponding to amino acid 
s residues 102 -2 OS of the amino acid sequence shown in SEQ ID No. 

27. A variant of a parent Termamyl-like a- amylase, in which 
variant at least one of the amino acid residues of the parent 

iQ of»amyiasa, which is/are present in a fragment corresponding to 
the amino acid fragment 117-181 of the amino acid sequence of 
SEQ TO No. 4, has /have been deleted, or replaced with one or 
more of the amino acid residues, which is/are present in an 
amino acid fragment corresponding to the amino acid fragment 

is to §8-206 of the amino acid sequence shown in SEQ ID No. 10, 
or in which one or snore additional amino acid residues has been 
added using the relevant part of SBQ ID No. 20 or a 
corresponding part of another Fungamyi-like ©-amylase a® a 
template * 

23. A variant of a parent Termamy 1 ~ like er-amylase, which 
variant has a region which, when the amino acid sequence of 
variant is aligned most closely with the amino acid sequence of 
the said parent a~ amylase, occupies the same position as the 
25 portion from residue X to residue Y of SEQ ID No 4, the said 
region having at least 80%, such as at least .90% seguence 
homology with the pert of SBQ ID No 10 extending from residue 
Z to residue V of SEQ ID .No 10, wherein 

X is the amino acid occupying position 117, 1X8, IIS, 120 or 
3.0 121 Of SEQ ID SO, 4 f 

Y is the- amino acid occupying position 174, 175, 176 or 177 or 
SEQ ID NO, 4, 

3S Z is the amino acid occupying position 58, 100, 101, 102 of 
SEQ ID h*o. 10, and 
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V is the amino acid occupying position 10$ f .300, 201 or 202 of 
SEQ ID Mo. 10. 

29. The variant according to claim 27 or 28, in which the amino 
s acid fragment of the parent ^-amylase, which corresponds to 

amino acid residues 121-174 of SEQ ID Ho, 4, has been replaced 
with the amino acid fragment corresponding to amino acid 
residues 102-199 of the amino acid sequence shown in SEQ ID Mo. 
10 , 

30. A variant of a parent Tersiamyl-iike or- amylase, in which 
variant at least one of the amino acid residues of the parent 
^-amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 12-13 of the amino 

1S acid sequence of SEQ id 4, has/have been deleted or 

replaced with one or more Of the amino acid residues, which 
is. /are present in an amino acid fragment which cor re spends to 
the amino acid fragment 28-42 of SEQ ID No, 10,, or in which one 
or more additional amino acid residues has/have been inserted 

2s using the relevant part of SEQ ID jfo, 10 or a corresponding 
part of another Fungamyl - 1 ike ^-amylase as a template. 

31. A variant of a parent Termamyl -like or- amylase, which 
variant has a region which, when the amino acid sequence of 

25 variant is aligned most closely with the amino acid sequence of 
the said parent a -amylase, occupies the same position as the 
portion from residue X to residue Y of SEQ ID Mo 4, the said 
region having at least 80%, such as at least §0% sequence 
homology with the part of SEQ ID Ho 10 extending from residue 
2 to residue V of SEQ IB Ho 10, wherein 

X is the amino acid occupying position 12, 13 or 14 of SEQ ID 
Ho . 4 f 

Y is the amino acid occupying position 15, IS, 17, IB or IB of 
SEQ ID Ho, 4, 

35 2 is the amino acid occupying position 23 , 2$, 30, 31 ox 32 of 
seq id Ho. xo, and 

V is an amino acid residue corresponding to the amino acid 
occupying position 38, 35, 40, 41 or 42 of SEQ XD Ho. 10. 
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32. The variant according to claim 30 ox- 3.1, in which the amino 
acid fragment qf the parent «~ amylase, which corresponds to 
amino acid residues 14 -IS of SEQ 135 No. 4, has been replaced 
i*?ith the amino acid fragment corresponding to amino acid 

s residues 32-38 of the amino aeM sequence shown in BBQ ID No> 
10. 

33. A variant of a parent Termansyl-like «- amylase, in which 
variant at least one of the amino acid residues of the parent 

is or- amylase, which is present in a fragment: corresponding to 
amino acid residues 7-23 of. 'the amino acid sequence of SEQ IB 
Ho, 4 , has /have been deleted or replaced with one or more amino 
acid residues, which is/are present in an amino acid fragment 
corresponding to amino acid residues 13~45 Of the amino acid 

is sequence shown in SEQ ID Ho. 10, or or in which one or more 
additional amino acid residues has/have been inserted using the 
relevant part of SBQ ID No. ID or a corresponding part of 
another Fungamyl-like ^-amylase as a template. 

2S 34, A variant of a parent Termaroyl-like ex- amylase, which 
variant has a region which, when the amine acid sequence of 
variant is aligned most closely with the amino acid sequence of 
the said parent a -amylase, occupies the same position as the 
portion from residue X to residue Y of SEQ IS Ho 4, the said 

as region having at least 80%, such as at least 90% sequence 
homology with the part of SSQ ID Ho 10 extending from residue 
Z to residue V of SBQ ID No 10, wherein 

X is the amino acid occupying position ? or S of SEQ IP Ho. 4, 

so Y is the amino acid occupying position 18, 1.9 # 20, 21, 22 or 23 
of SEQ IP Ho. 4> 

2 is the amino acid occupying position 13 or 14 of SEQ ID No. 
10, and 

3 5 

V is the amino acid occupying position 40, 41, 42, 43, 44 or 4 5 
of ESQ ID He. 10. 
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35, The variant according to olaiss 33 or 34, in which the amino 
acid fragment of the pairffit %~&ffiyl&&e, which corresponds to 
amino acid residues 8*16 of SEQ ID No. 4, has been replaced 
with the amino acid fragment corresponding to amino acid 
s residue® 14-40 of the amino acid sequence shown in SEQ ID No. 
10 « 

3€. & variant of a parent Termamyl ~I ike a- amylase, in which 
variant at least one of the amino acid residues- of the parent 

10 a- amylase, which is present in a fragment corresponding to 
amino acid residues 322~34€ of the amino acid sequence of SEQ 
ID No. 2»- has/have been deleted ox* replaced with one or more 
amino acid residues, which is/are present in an amino acid 
fragment corresponding to amino acid residues 291-313 of the 

xs amino acid sequence shown in SEQ ID !?o. 10, or or in which one 
or more additional amino acid residues has/have been inserted 
using the relevant part of SEQ W No. ID or a corresponding 
part of another Fungamyl-iihe o-amylase as a template . 

m 37, A variant of a parent. Termamyl-like a -amylase, which 
variant has a region which, when the amino acid sequence of 
variant is aligned most closely with the amino acid sequence- of 
the said parent o-amylasa, occupies the same position as the 
portion from residue X to residue Y of BBQ ID No 2, the said 

as region having at least 80% sequence homology with the part of 
SEQ ID No 10 extending from residue £ to residue V of SEQ ID No 
10 , wherein 

X is the amino acid occupying position 322, 323, 324 or 335 of 
SEQ ID No . 2, 

Y is the amino acid occupying position 343, 344 , 345 or 34$ of 
SEQ ID So, 2, 

2 is the amino acid occupying position 231, 292, 293 or 294 of 
35 SEQ ID No, 10, and 

V is the amino acid occupying position 310, 311,, 322 or 313 of 
SEQ ID No. 10. 
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38. The variant according to claim 36 or 37, in which the amino 
acid fragment of the parsnfc en amylase, which corresponds to 
amis© acid residues 32S-34S of SEQ D Ho. 2, has heeo replaced 
with the amino acid fragment, corresponding to amino acid 
s residues 234-313 of the amino acid sequence shown in SEQ ID Mo. 
10 

39 > A variant of a parent Fungaisyl-ilke or -amylase, in which 
variant at least one of the amino acid residues of the parent 

io #.-ataylase» which is/are present in an amino acid fragment 
corresponding to amino acid residues 231-313 of the amino acid 
sequence of SEQ W Ho. lp, has/have been deleted or replaced 
with one or more of the amino acid residues, which is/are 
present in an amino acid fragment corresponding to amino acid 

is residues 38-210 of the amino acid sequence shorn in SEQ ID No* 
4, or in which one or more additional amino acid residues 
has/have been inserted using the relevant part of SEQ ID NO . 4 
or a corresponding part, of another Termamyl-like a- amylase as 
a template . 

40. A variant of a parent Fungamyl-iike d-amylase, which 
variant has a region which* when the amino acid sequence of 
variant is aligned most closely with the amino acid sequence of 
the said parent o?~amy.iase< occupies the same position as the 
25 portion from residue X to residue Y of SBQ ID No 10, the said 
region having at least 80%* such as at least 90% sequence 
homology with the part of SEQ IP No 10 extending from residue 
Z to residue ¥ of SEQ ID No 4, wherein 

X. is the amino acid occupying position is?, 11B, 119, 120 or 
30 121 of SEQ IS No- 10 f 

1 is the amino acid occupying position 181, 182, 183, 184 or 
18 S of SEQ ID No. 10, 

35 2 is the amino- acid occupying position 98, 99, 100, 101 or 102 
of SEQ ID No, 4, and 
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V is the amino acid occupying position 2 OS, 20?, 208 , 203 or 
210 Of SEQ ID Ho. 4> 

41, The variant according to claim 3$ or 40,. in which the mine 
acid fragment of the parent of~amyXase, which corresponds to 
amino acid residues 121-181. M SEQ tp Ho. xo, has been replaced 
with the amino acid fragment; corresponding to amino acid 
residues' 102-206 of the amino acid sequence- shown in SEQ ID Mo. 



42, A variant according to any of claims 3.9-41, in which the 
the amino acid fragment of the parent »~ amylase, which 
corresponds to amino acid residues 121-174 of SEQ ID Ho. 10 f 
has been replaced with* the amino acid fragment corresponding to 
amino acid residues 102-19$ of the amino acid sequence shown in 
BBS £B Wo, 4 . 

43, A variant of a parent Fungamyl-like »~amylase, in which an 
amino acid fragment corresponding to amino acid residues 181- 
184 of the amino acid sequence shown in SEQ m Ho, 10 has .been 



45. A variant of a parent Termamyi~2ika a-amylase, which 
exhibits ^-amylase activity and which has a decreased Ca** 
dependency as compared to the parent a -amylase. 

46. A variant according to claim 45, which comprises a mutation 
in a position corresponding to at least one of the following 
positions in SEQ ID HO 2? 

A343, 1475, L34S., 1430, H4S7, $385, F35G, 1411, H43S or 
0303, in particular a mutation corrsponding to 
N104D; 

A349C+I479C; 

X.346C+X430C; 

N457D,E. ? 

H457D,E+S(3853S; 

F3S0.D,E*1430R,K; 

F350D,£+241.XR,K? 
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H4 0SQ , £ h .. D ; and/or 
G3Q3H, D, Q,B.. 

4?» A variant of a parent T&rmattiyl - 1 ike of-ataylase which 
» exhibits a higher -activity below -the pH ©ptitnuta than the parent 
of "-amylase, which variant comprises a mutation of an amino acid 
residue corresponding to at least on© of the following 
position® of the B. lichmiiformi^ of- amylase (SEQ ID NO 25 i 
E336* 0333, F331, 1236, V10>, A232, 1103, Li 96, in particular 
io at .least one of the following mutations : 
E3 3 6 R , Kt 

Q333R..K,- P331R..K; 
VI 02R,, K, A,T, S j G ; 
XS 3 S K ,> R , N > 
x.s> XX 0 3 K , R } 

!LX SSK * R. ? and/ Ox' 
A23 2 T , S ,. S . 

48, A variant of a parent Ternary! -like ®* amylase which 
zo exhibits a higher activity above the pH optimum than the parent 

o-amyiasa, which variant comprises a mutation of an amino acid 

residue corresponding to at least one of the following 

positions of the B, IIoheBiformis a- amylase (SEQ ID m 2} ; 

K23S, H261 and/or Y2?3 f in particular one of the foliwoing 
25 mutations j 

B32SI,Y,F, L ; ¥? 

^SlF,!,^- and/or 

Y273F,W. 

30 45. A variant of a parent Tertnatnyl-like a -amylase which 
exhibits a -amylase activity and which has an increased 
thermostability and/or altered temperature optimum as compared 
to the parent ^-amylase, which variant comprises a mutation of 
an amino acid resiotie corresponding to at least one of the 

35 following positions of the B> lichenifortnis a -amylase {SEQ ID 
NO 2} : 
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LSI, Y62, FS7 , K106, 0145, 1212, SXS'l, E214> ¥150, F143, R14S, 
1^241 f 123 S,- L7, V2S9, F3S0, F343 f L42? and/or ¥431, in 

particular at least ois« sf the following mutations % 
IiSlW,V f F; 
5 W2W.; 

Kl 55 R > F t W } 
G145P,V? 

io SlSl replaced with any other amino acid residue and .in 

particular with F,W,X or L; 

R X 4 W $ 

\ s^SDH- > .3C £ 

FI43W? 
IS RX46W; 

I23€L,F,W,Yi 
L7F : , 1 ,W.f 

20 F284W* 
F3S0W; 
F343W; 

L42?F,L,$?? and/or 

V481.F, I.L.W. 

50, A variant of a parent Termamyl-like a- -amylase, which: 
exhibits a-amylase activity and %?hich has a reduced capability 
of cleaving an. oligo* saccharide substrate close to the 
branching point as compared to the parent a- amylase,, which 
3 0 variant comprises a mutation of an amino acid residue 
corresponding to at least one of the following positions of the 
B, liGh®ztifozthi& «f~ amylase (SEQ ID NO 2ks 

¥54 .< DS3,< Y56, Q333 and/or GST, in particular at least one of 
,:-s the following mutations; 
VS4L, 2 ,F, Y,W.,R,K,H,E,Q; 
D53 L: , • ; f, y s W; 

v < 5 g; ( ! ; 
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GS7 to all possible amino acid residues . 

51. The variant according feo any of claims 17 -SO., wherein one 
s or isore proline residues present in the amino acid residues 

with which the parent sr-amylase is modified are replaced with 
a non-proline residue such as alanine, 

52. The variant according to any of claims 27~SI,. wherein one 
xo or mere cysteine residues present in the amino acid residues 

with which the parent &~ amylase is modified are replaced with 
a non^cysteiae residue such as alanine. 

53. A DNA construct comprising a DNA sequence encoding an «~ 
is amylase variant according to any of claims 17-52 . 

54. . A recombinant expression vector which carries a DMA con- 
struct according to Claim S3 * 

20 55. A cell which is transformed with a DWh construct according 
to Claim 53 or a vector according to Claim 54. 

56. A- cell according to Claim 55, which is a microorganism. 

25 57. A cell according to Claim S6> which is a bacterium or a 
fungus . 

58. The cell according to Claim 57, which is a grampositive 
bacterium such as Bacillus subtilis. Bacillus iichattiformis, 
as Bacillus lenms, Bacillus Previa, Bacillus Bte&rothermophilus , 
Bacillus alk&lQphilas, Bacillus amyloliquaf&cisns , Bacillus 
co&guians, Bacillus circulars. Bacillus lautus or Bacillus, tnu- 
ringi snsis. 

3S 55, Use of an a -amylase variant according to any of claims 17- 
52 for washing and/or dishwashing. 
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£0. Ose of an a- amylase rariapt accorfiag to any of claims 17- 

Sl< Use of an «~amylas© variant according to any of claims 17- 
s S2 for starch ligue faction, 

€2, & detergent additive comprising an «~ amylase •variant accor- 
ding to any of claims 17-52,. optionally in the form of a nsm~ 
Ousting granulate, stabilised liguid or protected enzyme, 

S3. A detergent additive according to Claim $2 which contains 
0,02-200 mg of enayme protein/ g of the additive, 

$4, A detergent additive according to Claim 62 or 63, which 
js additionally comprises another enzyme such as a protease., a 
lipase , a peroxidase, another anxiolytic enzyme and/or a 

65',. A detergent composition comprising an ^-amylase variant ac- 
20 cording to any of claims 17-5:2, 

$€, A detergent composition according to Claim 65 which addi- 
tionally comprises another enzyme such as a protease, a lipase, 
a peroxidase, another amylolytic enzyme and/or a cellnlase, 

67. A manual or automatic dishwashing detergent composition 
comprising an amylase variant according to any of claims 17- 
52. 

30 68. A dishwashing detergent composition according to Claim 67 
which additionally comprises another enzyme such as a protease, 
a lipase,, a peroxidase, another emyloiytic enzyme and/or a 
cellules® . 

3 5 69 . A manual or automatic laundry washing cots-position 
comprising an a -amylase variant according to any of claims 17- 
52 . 
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70. A Xamidry wasM&g coiaposition a.ccordxng to Claim 69,- which 
additionally comprises another ensysae suck as a protea&e, a 
lipase,, a peroxidase f an afsylolytic 'en-zyjtte aM/or a callulasa. 
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CAT CAT SAT <JG& AC* AAT GST ACT 'ATC MS? CAA TAT TTC CAA TSS TAT TSG CCA AAT «SC 
H H A? 0 T H S t H K § * r 8 « V 1. P ' » S 

21 

SSS AAT CAT TSS AAC ASS TfO ASS SAT SAC SCA OCT AAC TTA AAC AST AAA SSG ATA ACA 
6 * & W 8 S t> »- » 55 A A H t. K S 8 C X T 

41 

SC? OTA TCS AK CCA CCT SCA TSS MS SGS ACT TCC CAS AAT GAT OTA GST TAT CCA SCS 

a v « t $ ■ » a .. *f & o t s q *i o v -e r s a 

TAT CAT TTA TAT GAT CTT SCA CAS TTT AAC CAS ASS SOS ACS STT CCT ACA AAA TAT 8SA 
Y tJ fc V »_ t S S F 8 «' R Q T V R T K V 6. 

81 

ACA CSC SAC CAO CTA CAS SCT SCS GTS ACS TGT TTA AAA AAT AAC CSC ATT CAS OTA TAT 
"$ R » 0 St Q A A V T S 5, K » Jf S X Q y X 

aSt CAT CTC CTC ATS AAT CAT AAA OS? SGA SCA SAT GST ACG SM ATT STA AAT CCC CTA 
:e » V V « » S KCSASSTSEJ y » : A V 

■121 

SAA GTO AAT CSS ASC AAC CCA AAC CAS SAA ACC TCA GSA OAC TAT CCA ATA SAA GCC TSS 

s v a a $ s a s o s t s s g v.- * x £ A 

ACA AAC< TT? CAT TTT CCT SGA ASA SCA AAT AAC CAT TCC AOS TTT AAC TGC CCC TSG TAT 
T X ? » S 9 G ?. C, Si H 3SSf Jc » ' ' a y. 

is* 

CAT TTT SAT SCO ACA CAT TSO SAT CAS TCA CSC CAS STY CAA AAC AAA ATA TAT AAA TTC 
» * » 0 T S SS » O S X O £, Q 8 K SYS? 

iSS, 

ACC CCA ACA SGC AAS GCC TCG OAC TSS SAA CTC CAT ACA SAG AAT CSC AAC T.ST SAC TAT 

a c t c s a w a w s v a t g a a .» * $> y 

CTT ATS TAT SCA CAC GTS SAT ATS SAT CAC CCA BAA STA ATA CAT CAA CTT ACA AAC TCC 
t, H V A 35 V 8 H Q S ? & V J H £ L S .M «. 

223 

OSA OTQ TCC TAT ACO AAT ACA CTC AAC CTT SAT CGA TTT ASA ATA CAT CCA CTG AAA CAT 
C V U Y T H T *, K 1. S> S ? 3 I $ A V X H 



ATA AAA TAT ACC TTT ACC ASA CAT TCG CTT ACA CAT CTC CCT AAC ACC ACA CCT A'\A CCA 

I S t S F T A H W -V T H W S fj r T S S ? 

ACC TTT SCA GTS CCT GAG TTT CSS AAA AAT SAC CTT SOT CCA ATT CAA AAC CAT TTC AAT 

i? ? A V A SS T W K fi S V Q A I Z ii Y {. N 

SSI 

AAA AC-A AG i' 'tsi'S f^AT 'CivC ^» G .% v OAC" s^TT CiC C A\,! " >;T AAT TTG TAC A-^"' GC-- 1 . 

X T S w fi h S v ? o v ;• i h $ a * s a 




TCT AAT MC CST SO? T» TAT SAT ATC ACA AAT AT? TTA JUST SOT TCT GTS STC CAA AM 

§ 8 s c o t r & n & $ % t # q s v y o sc 

CAT CCA ACS. CAT OCC OW ACT TTT tSTf SAT &AC CAT GAT TCT CAS CCC OSS OAA CCA Tf§ 
H ' f I A V T P V p J? H 8 S 0 £ 0 £ A t 

341 

caa Tec ttt stt caa saa w m w sa cw sca tat sca t?c gtt cts aca ass gaa 

* S r V Q Q « 5? K £ J, A ¥ A t V U T 8 g 

CAA CST TAT CCS 1 TCC «TA TTT TAT SCO SAT TAC TAC COT ATT CO. ACC CAT COT ST? CCS 
0 s ■ * * S V ? X S » Y T 0 J s> f H 0 V > 

SSCT AST. AAA TCT AAA ATA CAS CST CTT CTO CSS GCA COT CAA ACT TO SCC TAT OCT ACS 
A. H X 5 K X p ? L 0 A » 0 T ? A y S ' T 

402. 

CAG CAT SAT TAC TT? SAT CAT CAT CAT ATT ATC SOT TCS ACA AOA SAC SCA AAT AGC TCC 
Q X » T ? 8 K H 0 J S 0 W T r" ' g S V § S 

«i 

CAT CCA AAT tCA SQC CTT CCC ACC ATT ATC TCA SAT SCT CCA CGT 8« MC M « « 
« * *> § 0 3* A T X H 3 S C ? S G X S « .« 

tat ore <m m* aat aaa see gsa caa gtt tsc aca sat a*t sec cca sat ass Ac* ooc 

V V <3 X N K A G Q V « R 0 X ? S s' R T C 
3 S3. 

ACC OTC ACA ATT AAT OCA SAC CCA TCS SOT AAT TTC TCT CTT AAT GSA SOS TCC CTT TCG 
T V T I S A 35 0 W C 8 ? S V 8 SOS V S 

CTT TGC CTC AAC CM T&A 
K V K Q '■ 
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The invention claiity&d relates to a asethod of constructing 
alpha-a^ylase variants with predetermined properties by 
comparing the three-dimerssion^l strusturss of enzymes. The 
claims also include many alpha-ariylase variants , 

**A search for a special technical feature" as mentioned in PCT 
Rule 13,2 w&ang the independent claims did not reveal a . 
unifying, novel technical feature. 

Accordingly, the following inventions wsre found; 

I Claims 1-1? focus on a method of constructing alpha- 
amylase variants by comparing the tree-dimensional 
structure of a parent enzyme Ifemamyl -like alpha-ainylas*} 
with another enzyme e.g. majisaaiie or fungal aloha- 
amy la see. The differences in structure are compared with 
the differences in function, whereafter new variants with 
new predictable characteristics are produced, 

XX Claims 45-4 6 directed to a alpha-amylasa variant that has 
decreased Ca2 + dependency, 

III Claim 4 7 directed to a aipha-amylase variant that exhibits 
higher activity below the ph -optimum than the parent 
enryme. 

XV Claim 48 directed to a aXpha-amylase variant having an 
increased thermostability and/or altered temperature 
optimum . 

V Claim SO directed to a variant having reduced capability 
of cleaving an oil go- saccharide substrate close to its 
branching point. 

Due to the complex construction of the claims and the fact 
that the search so far has not covered all aspects of the 
invention, it may be that further non -unity remarks can 
appear. If further searches are done, references might appear 
which will give furter a posteriori non-unity remarks. 

Therefore, the search has been restricted to the first 
invention . 
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Claims 18-43 are directed to a number of different variants 
that are composed of several inventions. They are, however so 
complex and broad that no meaningful search can foe done 
especially as no special characteristic is linked to the 
groups of variants, Xt is for example unlikely that claim 18 
concerns one invention. It is not believable that a chance in 
any amino acid in one fragment for one/or none of the amW 
aeias xn a fragment of another enzyme gives an enzyme with the 
same new and valuable characteristic. The formulation of 
claims 18-43 is so complicated because of all the different 
combinations of amino acid substitutions , 

Thus they do not comply with Art, 6. PCT prescribing that 
claims shall be clear and concise. 
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